Introduction

37
Songbird vocalizations contain species-relevant information that is critical for survival in 38 numerous contexts (e.g., mating, territory defense, flock maintenance) and songbirds are one of a 39 few groups of animals that must have exposure to adult conspecific vocalizations during 40 development in order to produce normal vocalizations as adults (i.e., they are vocal learners; 41 Marler, 1970; 1984; Thorpe, 1958) . Both auditory and social experience during ontogeny are notes, but birds in these two groups differed in the rearing environment (i.e., field versus 102 laboratory). In mountain chickadees, captivity reduces hippocampal volume but not the number hippocampal neuron number (Roth, et al., 2012) . This suggests that while neuron number (at 106 least in the hippocampus) is relatively stable, lab housing does affect neuronal architecture. In 107 the current study, by comparing field-reared adults and birds hand-reared with adult conspecifics, 108 we could determine if captivity had an effect on the number of immediate early genes that were 109 expressed in auditory areas.
110
We also compared birds hand-reared with black-capped chickadees to birds hand-reared 111 with mountain chickadees; while birds in these two groups were all hand-reared in the 112 laboratory, they differed in the acoustic environment they were exposed to. We predicted no 113 difference between birds reared in these two conditions, because, while black-capped and 114 mountain chickadees produce acoustically distinct D notes, the notes also have acoustic 115 similarities (e.g., complex harmonic-like structure) and hand-reared birds in both of these rearing 
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Eight black-capped chickadees were wild-caught as adults (at least one year of age, 143 determined by the color and shape of the outer tail retrices, Pyle, 1997) 
235
Following playback, the lights were extinguished for 1 h.
237
Histology
238
Following the 1 h of darkness, birds were immediately given an overdose (approximately 239 0.03 ml) of 100 mg/ml ketamine and 20 mg/ml xylazine (1:1) delivered intramuscularly. Birds 
279
Immunoreactive cells were counted using ImageJ (1.47v, NIH, Bethesda, MD, USA).
280
Images were first converted to greyscale, auto-contrasted, and the auto threshold algorithm was 281 used to identify immunoreactive nuclei from surrounding tissue. Cells that ranged from 9.07μm 2 282 to 27.21μm 2 were counted. We conducted manual counts on a subset of images (n = 78), and 283 found the counts generated using ImageJ and the manual counts were highly correlated (r = .88, Table 1 shows the mean ± standard deviation of the four acoustic features that we 
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In the current experiment, birds were reared without adults but were not raised in total 443 isolation, and they had opportunities to hear other hand-reared conspecific vocalizations; has not been examined previously. 
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In the current study, birds were removed from the nest 10-14 days post hatch, so it is possible 473 that birds were already beginning to produce D-like notes before they were brought into the 474 laboratory. The results from our discriminant function analysis suggests that birds reared without 475 adult conspecifics (i.e., MOCH-and ISO-reared) were not producing species-typical notes. 
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Averaged across playback conditions. Error bars represent standard error of the mean. Table 2 . Matrix of classification by individual using the leave-one-out method of cross- 
